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ABSTRACT 

This study, conducted with college developmental 
studies students, explored possible relationships between 
individualized computer-assisted instruction (CAP in basic 
mathematicc skills and each of two variables; mathematics knowledge 
and anxiety toward mathematics. Both experimental (N=5) and control 
(N=12) groups made significant gains in computational and 
problem- solving skills during the treatment period of one semester; 
however, only the experimental group (using individualized CAI) 
evidenced a significant decrease in mathematics anxiety. These 
results suggest that using CAI may be an appropriate non-threatening 
means of addressing the neids of developmental studies students who 
possess math anxiety and mathematics computational and 
problem-solving skills needs. Includes 17 references. (Author/MVL) 



******************************************************************** 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



.1 



O 
UJ 



CAI Use 
I 



CAI Use 

by Developmental Studies Students 
Glenn H. Crumb 
Center for Math, Science, and Environmental Education 
Western Kentucky University 
Eula Ewing Monroe 
Department of Teacher Education 
Western Kentucky University 



US DEPARTMENT OF EDUCATION 

Off-ce of Educational Research and Improvement 

EPUCATIONAL RESOURCES INFORMATION 
CENTER (ERfC) 

jTThi& document has been reproduced as 
»■ received from the person or organization 
originating it 

r Minor changes have been made to improve 
reproduction quality 



a Points of view or opinions stated in ihi& docu- 
ment do not necessarily represent official 
OERI position or policy 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 

%Mt*±U&*l^ 

TTlq-mAA*^ 

TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC)" 



Running head : CAI USE 



BEST COPY AVAILABLE 

2 



CAI Use 

2 



Abs trart 

This study conducted with college developmental studies 
students explored possible relationships between 
individualized computer assisted instruction (CAI) in basic 
mathematics skills and each of two variables: mathematics 
knowledge and anxiety toward mathematics. Both experimental 
and control groups made significant gains in computational 
and problem-solving skills during the treatment period of 
one semester; however, only the experimental group (using 
individualized CAI) evidenced a significant decrease in 
mathematics anxiety. These results suggest that using CAI 
may be an appropriate non-threatening means of addressing 
the needs of developmental studies students who possess math 
anxiety and mathematics computational and problem-solving 
skills needs. 
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CAI Use 

by Developmental Studies Students 
Background 

The search for an efficient and cost-effective means of 
meeting the needs of developmental studies students for 
basic mathematics skills has been an important concern of 
the Western Kentucky University developmental studies 
program since its inception. During this study, the 
delivery of instruction in Math 054: Basic Mathematics at 
Western Kentucky University was provided by two senior-level 
teacher education students, one with a major in mathematics 
and the other with a mathematics minor. Their instruction 
was supervised and coordinated by a professor of mathematics 
education in the College of Education. The purposes of this 
course were: (a) to help students attain mastery of basic 
mathematics concepts and computational skills involving 
whole numbers, fractions, decimals, percent*, and elementary 
geometry; and (b) to reduce the mathematics anxiety of the 
developmental studies student through individualized 
computer assisted instruction. Classes met on Tuesdays, 
Thursdays, and alternate Fridays during the semtster, for a 
total of 40 hours of instruction. 

There is some evidence that such remediation can be 
effectively provided using computer assisted instruction 
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(CAI). A study conducted by Educational Testing Service 
indicated that computer assisted instruction may diminish in 
effectiveness for students beyond the elementary school 
levels (Ragostra, 1981). However, some school districts 
have found the use of CAI effective in remediation of math 
skills among older students (Spiller, 1985). 

Two major concerns in math remMiation programs are 
attitudes about math and self-concept regarding math (M. B. 
Snyder, personal communication, March 10, 1986). Gourgey 
( 1985 ) reported that there are several misconceptions a')Out 
the development of attitudes about mathematics as related to 
the nature of mathematics and self -concept . Gourgey's study 
involved university students ranging from ajes 18-59. Older 
students who returned to school after a number of years were 
found to have the most negative attitudes toward 
mathematics. Those with higher math anxiety tended to have 
the lowest self-concept regarding mathematics and to have 
misconceptions about mathematics in general. 

A study of math anxiety among i97 college students was 
conducted by Alexander and Cobb (1985). In this study, math 
anxiety was assessed using a s e 1 f - re po r t ing instrument, the 
Mathematics Anxiety Rating Scale (Suinn, 1972). Subjects 
reported more anxiety stimulated by mathematics test items 
and numeral task items than by any of the other factors 
studied. High school course work and grades showed a 
significant inverse relationship to math anxiety. Students 
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who had not taken Algebra II ln high school reported 
significantly higher math anxiety than did student3 ^ ^ 
taken the subject at that level. Those who .achieved As and 
Bs in high school algebra or geometry reported significally 
less math anxiety than students with poorer grades. 
Alexander and Cobb recommended examination of the high 
school mathematics performance of entering college students 
and the implementation of early intervention strategies for 
those whose school performance fall below the levels 
ind ica ted . 

Resnick, Viehe, and Segal (1982) found low levels of 
math anxiety among 1045 college freshmen, with no 
significant differences between male and female subjects 
studied. Conversely, DeBronac -Meade and Brown (1982) 
compiled a profile that described the typical math-anxious 
student as female with less encouragement from her parents 
to study mathematics and whose mother had less formal 
education than other students in the study population. 

Low self-concept, low overall level of maturity, low 
personal adjustment, and an early traumatic learning 
experience related to math were believed by elementary 
teachers to be causal factors of ruath anxiety among 
students, grades 1-6, according to Minix (1982). 
Interruptions in students' sequential learning of 
mathematics by moving and by extended absences from school 
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were also believed to be contributing factors to development 
of math anxiety . 

Using the Math Anxiety Rating Scale to determine level 
of anxiety among elementary education majors, Kelly and 
Tomhave (1985) found that a hign proportion of the female 
students were indeed mathematically anxious. The authors 
proposed that this anxiety could eventually be transmitted 
to students in the elementary schools through their 
teachers . 

Monroe, Minix, and Crumb (1986) concluded that 
researchers tend to agree upon the nature and prevalence of 
mathematics anxiety, although the incidence of the factor as 
related to gender is not consistently reported. These 
authors also found that computer assisted instruction as an 
intervention strategy produced a significant reduction in 
math anxiety among a group of preservice elementary 
education majors. They reported that, even though the use 
of CAI did not produce greater gains in math skills when 
compared with the traditional approach, the reduction in 
math anxiety was believed to be a significant contribution 
to the members of the study population, all preparing to 
enter the teaching profession. 

Wright and Miller (1981) studied several groups of 
individuals, including students and teachers, in regard co 
math anxiety. Their findings indicated that subjects with 
high anxiety believed their skills in mathematics were lower 
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than their skills in other areas. Further, many of the 
teachers reported that they neither liked mathematics nor 
enjoyed teaching it. Motivation and frequent successful 
experiences wit'; mathematics (a) had high degrees of 
correlation with lowered anxiety toward mathematics and (b) 
greatly impacted the successful completion of mathematical 
tasks . 

DeBronac-Meade and Brown (1982) studied negative 
self-statments and relaxation treatment in male and female 
high school and college students. Students who were in the 
treatment groups showed a significant decrease in 
mathematics anxiety. Even though the findings indicated a 
higher level of math -anxious behavior among female subjects, 
the authors recommended that treatment programs be designed 
to deal with both male and fema?e students. 

Various methods for treat ing math anxiety were 
summarized by Mathison (1978). The three most common 
methods were (a) remediation of math skills, (b) content 
manipulation, and (c) an integrated approach involving both 
math coursework and psychological intervention. Mathison 
recommended that institutional resources, including faculty 
members, should be considered when making intervention 
choices. Faculty characteristics were considered highly 
important because of the positive effects on student 
attitude derived from respect for students, clear 
explanations, and clear but flexible goals. 
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Frequently, recommendations made by researchers 
studying math anxiety among college students involve 
remediation strategies which are nonjudgmental, provide 
immediate reinforcement, are individualized, and focus upon 
develoment of concepts and skills ( DeBr onac -Meaae & Brown, 
1982; Mathison, 1978; Wright & Miller, 1981). Therefore, it 
appears reasonable to explore available strategies which may 
possess these characteristics. 

Because of the sensitivity of older learners about 
elementary school level mathematics skills which they do not 
possess, computer assisted instruction has been used to 
provide anonymity during tutorial and drill and practice 
sessions. Several studies involving the uses of computer 
assisted instruction programs developed by the Computer 
Curriculum Corporation indicate a high degree of success 
with remediation of mathematics skills (Crumb, 1987). 

Purpose 

The purpose of this study was to explore possible 
relationships between individualized computer assisted 
instruction in basic mathematics skills for college 
developmental studies students and each of two 
variables: mathematical knowledge and anxiety toward 
matnematics . c h ema£i c a l_kn o wl e d £e was operationally 

defined as 

(a) computational and problem solving skills and (b) 
knowledge of vocabulary deemed necessary for learning 
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mathematics . M a th e m a t i c s _a n x i^e t £ was operationally defined 
in terms or se 1 f -re por t ed frustration levels and feelings of 
inability to understand or "do" mathematics. This 
exploratory investigation endeavored to determine for a 
group of college students enrolled in developmental studies 
whether or not a relationship existed between individualized 
computer assisted instruction and scores on (a) a test of 
computational and problem solving skills, (b) a test of 
mathematics vocabulary knowledge, and (c) a measure of 
levels of anxiety toward mathematics. 

Method 

The sample consisted of 17 students constituting the 
total enrollment in Math 054. Each subject had a score of 
10 or below on the mathematics subtest of the American 
College Test (ACT) . 

Five of the 17 students encountered scheduling 
difficulty and constituted a separate group for 
instructional activities. Both groups followed the same 
course outline with instruction proceeding in a linear 
fashion through the mathematics content. Both groups were 
assigned to computer assisted instruction based upon a 
paper-and-pencil diagnostic pretest battery. Students in 
the smaller (experimental) group were enrolled in the 
Computer Curriculum Corporation Ma £h_Ski 1 Is (CCC-MK) course, 
and students in the larger (control) group made use of 
selected commercial software packages for microcomputers 
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available from the Minnesota Educational Computing 






Consortium (MECC) or locally developed programed software. 






Members of the control group were required to log 10 






hours of computer tine. No management or control was 






available to determine the specific lessons or programs 






used. Data regardirg actual time-on-task for each student 






and achievement gain resulting from use of these packages by 






the control group members were not available because of 






limitations of the management system for the software. For 






the experimental group (using CCC-MK), extensive weekly 






documentation was provided including: number of sessions, 






number of attempts, attempts correct, percentage of attempts 






correct, achievement gain after initial placement, and 






achivement gain in the most recent two-week period . In 






addition, a course report provided the proct or / teacher 






diagnostic-prescriptive information to support teaching of 






concepts . 






CAI for the experimental group was totally 






individualized and computer-managed by the CCC-MK curriculum 






software. Access to lessons was provided by a terminal 






connected to a su pe r mi c r oc omput e r . The instruction was 






branching, not linear. Because the presentations by the 






pr oc t or / t eac her were linear, they were not designed to 






conform time-wise to student need for concept instruction as 






identified by the diagnos t ic -pre sc r ipt ive system available 






from the CCC-MK software and support packages. 
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F or the control group members, extra-class tutorial 
sessions were held to meet individual needs. For 
experimental group members, individual tutoring and 
assistance with concepts were confined primarily to the 
regular period assigned for instruction. In some cases, 
that time was also used for CAI access. A goal of the 
experimental group was to have 20 minutes of CAI 
time-on-task each day of the semester. 

A nonequi val ent control group design was used in the 
study (Gage , 1 963 ) . 

0 0 
- - X - - 
0 0 

As indicated above, neither pair matching nor random 
assignment to group was employed. According to Siegel 
( 1956 ), "A n on para me trie statistical test is a test whose 
model does not specify conditions about the parameters of 
the population from which the sample was d r awn " ( p . 31). 
Such tests were employed in the study. 
Hypotheses tested were: 

1. No signficant difference exists between the 
experimental and control groups in performance prediction 
measured by (a) the composite ACT scores and (b) the scores 
on the mathematics subtest of the ACT. 

2. No significant difference exists within groups in 
mathematics skills and knowledge measured by the 
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Hooper-Wolff Diagnostic Test— Revised ( HWDT-R ) as a result 
of the treatment . 

3. No significant difference exists between the 
experimental and control groups in mathematics skills and 
Knowledge measured by the HWDT-R as a result of the 
treatK'.n t . 

4. No significant difference exists within groups in 
mathematics vocabulary measured by the Essential Mathematics 
Vocabulary Test (EMVT) as a result of the treatment. 

3. No significant difference exists between t .e 
experimental and control groups in mathematics vocabulary 
measured by the EMVT as a result of the treatment. 

6. No signficant difference exists within groups in 
mathematics anxiety measured by the Mathematics Anxiety 
Rating Scale (MARS) as a result oT -.he treatment. 

7. No significant difference exists between the 
experimental and control groups in mathematics anxiety 
measured by the MARS as a result of the treatment. 

The .05 level was selected as the reouired level of 
confidence for hypothesis testing u e .„ Mann-Whitney U 
test (.Si'. 0 el, 1956 ). 

Instrumentation 
For purposes of comparing he performance of the two 
groups in this project, the following measures were 
used: ACT (composite and mathematics subtest); Hooper-Wolff 
Diagnostic Test-Revised (HWDT-R), an 86-item pre-post 
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measure of mathematics skills and knowledge (Hooper, Wolff, 
and Monroe, 1983); Essential Mathematics Vocabulary Test 
(EMVT), a 60-item pre-post test of basic mathematics 
vocabulary designed by Monroe and Redfield (1983), and 
Mathematics Anxiety Rating Scale (MARS), a 98-item pre-po&t 
self-report of level of anxiety in mathematical situations 
(Suinn, 1972). 

Data Ana lys is 
All data were analyzed for within-group and 
bet ween-group differences us'ng the Mann-Whitney U test, 
£<.05, The Mann-Whitney U is a nonpar ame t ric statistic 
appropriate for use when the population has not been 
randomly selected, when the sizes of the samples are small 
or uneven, and when the data from the population are at 
least ordinal. Although not a measure of central tendency 
or a comparison of means, the Mann-Whitney U is a measure of 
whether two independent samples are drawn from the same 
population. The U predicts the probability that the "bulk" 
of one set of samples differs from the other set of 
samples. This statistic is a powerful nonparame trie 
statistic, and has power nearly equivalent to the parametric 
t test (Siegel , 1956 ) . 

As indicated in Table 1, significant differences were 
not found at the .05 level in ACT scores of the two groups. 
The ACT scores of the control group were lower but not 

H 
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significantly lower than those of the experimental group. 
Thus, H>pothesis I was confirmed. 



(Insert Table 1 about here) 

Both groups made significant gains in mathematics 
skills as measured by the Hooper-Wolff Diagnostic 
Test-Revised (see Table 2). The pretest scores on the 
Hooper-Wolff Diagnostic Test-Revised for the experimental 
and control groups were not found to be significantly 
different; the posttest scores were also found not to be 
significantly different. (See Table 3). These results 
considered with those cited for within-group test scores on 
the HWDT-R indicated that both groups made significant gains 
in achievement and that their beginning and ending levels 
were not statistically different. Hypothesis 2, therefore, 
was rejected and Hypothesis 3 confirmed. 



(Insert tables 2 and 3 about here) 



Neither the experimental nor the control group made 
significant ma the ma tics vocabulary gains as a result of the 
treatment as measured by the EMVT pre and posttests (Table 
4), The treatment apparently did not affect vocabulary 
development as measured by the EMVT; therefore, Hypothesis 4 
was conf irmed . 

erJc 1 5 
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(Insert Table 4 about here) 



Pretest scores for the two groups on the EMVT were not 
significantly different at the .05 level of confidence. A 
similar finding resulted when post test scores were compared 
(see Table 5). Thus, Hypothesis 5 was confirmed. 



(Insert Table 5 about here) 



A significant difference bet we en pretest and posttest 
scores on the Mathematics Anxiety Rating Scale (MARS) was 
found for the experimental gr-)up, £<.05 (see Table 6), with 
posttest scores indicating a lower mathematics 
anxiety; thus, Hypothesis 6 was rejected for the 
experimental group. Differences between pretest and 
posttest scores for the control group were not found to be 
significant at the .05 level. Bet ween-group pre and post 
scores were not found to be s ign f ic ian t ly different (Table 
7), thereby confirming Hypothesis 7. 



(Insert tables 6 and 7 about here) 
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Summary and Conclusions 
Both the experimental and control groups made 
significant gains in computational and pr ob lera-so lv ir.g 
skills as measuied by the HWDT-R over the treatment period; 
however, only the experimental group had a significan' 
decrease in mathematics anxiety as measured by the MARS. 
Neither the experimental nor the control group made 
significant gains in mathematics vocabulary as measured by 
the EM VT over the same period. No significant be t ween -gr oup 
differences were evidenced on either the pretests or the 
posttests for the HWDT-R, the EMVT, or the MARS. Further, 
between-group differences on the ACT mathematics subtest and 
composite scores were not found to be significant. Based 
upon these findings, it seems appropriate to conclude that 
both the experimental and control treatments were successful 
in developing computational and problem-solving skills as 
measured by the HWDT-R but that only the experimental 
treatment was effective in reducing math anxiety as measured 
by the MARS. This finding is consistent with the author's 
previous research using cmputer assisted instruction which 
yielded a significant reduction in math anxiety for 
preservice elementary education majors (Monroe, Minix, & 
Crumb, 1986). 

This analysis suggests that using CAI may be an 
appropriate means of addressing the needs of developmental 
studies students who possess math anxiety and mathematics 
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computational and problem-solving skill deficiencies. The 
achievement gains made by the group using the CCC-MK program 
were equivalent to the gains made by students exposed to the 
conventional approaches. The data analysis also suggests 
that an added benefit may result from the experimental 
approach in that mathematics anxiety seems to be reduced by 
use of the CCC-MK courseware. 

The size of the study population and aspects of the 
treatment which did not make the most effective use of the 
diagnostic- prescriptive management system of the CCC-MK 
courseware are considered to be factors compromising the 
conclusions of this study. Further study with a revised 
instructional strategy and larger groups appears to be 
warranted . 
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Table 1 

~£iiil£_°I_£_2£5E£li5£El_£l_^£I_Scor es_f ££_ExE££il££l£l 
£2i* _££££. ££i_££££R£ 

Group mean scores 



Measure 



Experimental Control 



Mat he ma tics subtest 
Composite 



7.0 
9.5 



5.4 
9. J 



n . s 



n . s 
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Table 2 

Result s_of_a_Com £ arison_of_Pre_and_Po 

Dj£&!l£iii£_Ie £ t z Re v_i s e d S c o r e s within Exper iicen it »\ ^nH 

Cotur o 1 Grou£s 



Me an score 



Grou P N p r e Post 



Experimental 5 
Control 12 



21 .4 
29 . 9 



38.8 
44 . 8 



£ <.03 
£ < .05 



Table 3 

R££Hi££_£l_£_Com£arison_of_Pre_and_Post_Hoo E er 
Hi£S££££i£_l££t z Revised_Scores_Be tween_Ex 
£££_££££££i_5£° U E S 



Mean score 



Test Experimental Control U 

Pre 21.4 29.9 n .s 

Post 38.8 44.8 
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Table 4 

Resul t.s_of _£_£ om£ar is on_o f _£££_and_Pos£_Es sen £ia 1 
^£lll£Siii££_Y££ikitIiIZ_l££l_Sc o££S_Wi£hin_Ex£eri mental 
££^._2££^.££i_5 r £££ s 



Mean score 



Group N Pre Post U 



Experimental 5 28.4 36.2 

Control 12 31.8 35.9 



25 



Table 5 

Re sul t s o f _£_££HR££ i £££_£! _££ £_££!_£££ I _§£££££i£i 

Math ematics Z£l£^^IiIZ_l£iI«£l££££_«£l---2.---H-liH--i£i---2-- 

Co n t r o l_Gr ou£S 

Mean score 



Test Experimp^' .± Control 



Pre 
Post 



28.4 
36 . 2 



31 .8 
35.9 



n . s . 
n . s . 



Table 6 

^£lill&_£££l£-Sc or es_Wi t^ 

Mean score 



Group N Pre Post U 



Experimental 5 255.0 198.0 £<.05 

Control 12 236.9 192.7 n.s. 



Note: Higher score indicates higher level of mathematics 
anxiety . 
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Table 7 
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~SHll£_£i_£_££!R££i££n_£f_Pre_and_Po 

^£Ii£S_i£ale_Scores_Between_Ex£er imen t a l_and_Con t r ol_Gr ou£s 

Mean score 



Test Experimental Control u 

Pre 255.0 236.9 n .s 

Pos t 198.0 192./ n.s 



Note: Higher score indicates higher level of mathematics 
anxiety . 
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